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A catheter comprises a catheter botfy *( tO) luvin^.a proximal end. a distal end, a»d aji electrode array disposed near 
the distal end <U)i The electrode array indttdis a plurality of isoiaied electrode termiaab (18). The electrode ^i^yff" * 
common electrode (16) are connected to a high frequency power sopply (32) and the common electrode <^^> 
on the catheter, may be secured separately to a patient's sitin, or may l>e formed as part of a movable euHlewtre. »y 
cootaainfi the electrode array against a target location in the (^tient's body, the ttrgct location may be selectively heated, 
with the cur^ctit density being contacted at the points of contact between the electrode terminals (18) and the ^'^.^^^ 
stenotic matcr'nl. For eitample, by positioning the cOmrooo electrode within a stenotic region and contacting a leaomg 
surfecc of the stenotic Vegiob with the electrode array, the stenotic noaienal can be heated by applying a high frequency 
voltage between the elearode array and the common ctectrodeL The stenotic region can thus recanalized by advancing tnc 
distal end of the catheter body ttuough the hcatcif stenotic material. 



Cbdcs i«a lo identic Suies lo the PCT on the fh>nl pages of pamphlds publfahio^ international 



applications under ihc PCT. 



■J 

BR 

CK 
CF 

a 

cs 

ct ■ 
f»e' 



C^irtcal Afracm iUzptiUic 



ywllniiwiil 



m 

CA 

cs 

CN 
CK 
HU 



Italy 




MW 


Mditwi 


NC 




NO 




HZ 


HcwZcafcHMi 


ri. 


IHttaMl 


PT 




RO 




RU 


KwiteFcdts 


SO 




se 


SMDtln 


SK 




SH 


SvvfcitMcw 


su 




CW 


TC 




IIA 




US 


Utlii it Stain 


VII 


-VfetNam 



W093/I3S16 



1 



PCrAJS92/1126S ^ 



METHOD AND APPMATOS POR iu>VXNCTKQ CATHETERS 
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!• Piftld of t htt iBvention 

The present invention relates generally to the 
construction and. use of catheters for interventional and 
diagnostic procedures. In particular, the present 
invention relates to methods and Apparatus for advancing 
catiiet^^s through restrictions and occlusions within body 

;L5 lu&ens and cavilties. 

Atherosclerosis is a fori of arteriosclerosis 
idiich: is characterized by irregularly distrJlbutcd 
deposits on th^ walls of a patient's arteries. Such 
deposite f^crctquently f iiorose and calcify over tine, 

20 seriously cosqprcmising the patient's health. 

A nimbcr of catheter-based approaches have been 
develop^ for diagnpsingr and treating atherosclerosis and 
Ofther forms of arteriosclerosis. The inost common 
intentional tMlmigue for^^te^^ atherosclerosis is 

25 ; balloon angioplasty where a balloon-tijfped catheter is 

introduced to thp yascular system, and the balloon 
ftxpfiin^«^ witliiil a region of stenosis- Other 
interventional Ibec^ include atherectomy, ^ere, for 

exaiq>le, a catheter having a cup--shaped rotating cutter 

30/ - is introduced, to the vascular system and used to severe 
and capture at least a portion of the stenotic material. 
Other interventional techniques include laser ablation, 
sechanical abrasion, chemical dissolution, and the like, 
caiieter-tased diagnostic techniques include ultrasonic 

35 imaging where an ultrasonic transducer disposed at the 

ciistal end of a vascular catheter is introduced to the 
region of . stenosis. 
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With most of these techniques, it is necessary 
tc> advance tie distal end of the citheter at least partly 
through the stenosed regipn before the interventional or 
diagnostic procedure can be coiamenccd. While such 
5 initial advancement is often not a problem, it can be 

very problematic when the occlusion is severe and little 
or no lumen remains to receive the catheter. Under such 
circumstances, it is necesssury to at least partly 
rccanalize the ocCltisibh before the catheter procedure 
10 <:an begin. 

A number of methods for recanalizing se^^ 
occlusions have been proiposibd, including the use of hot- 
tipped catheters, laser catheters, and drill-tipped 
catheters. In general, th^se ipjalrdaches rely on very 

15 aggressive treatment of tiie stehotidf material to bpen^up 

a passage, wjiere such aggifes^iVe techniques can expose 
the blood vessel wall to significant injury, for example, 
vessel perforation, the risk of injury is exacerbated by 
the jmconstrained^^^ catheter can follow. 

20 An improved teclitiiiiue for advancing an 

angioplasty catheter into iihd optionally through a severe 
occlusions is described: in U.S. Patent No. 4,998,933 (the 
entire disclosure of which is hereby incorporated herein 
by ref erence) , which h^s coinmbn iriveritbrship with the 

25 pir^ent application. X fiir^t ^i disposed at or 

near the distal tip of this angibplasity catheter and a 
second elecidrode is provided bn ari electtically 
concitictiv^ guidewire. After the giii^ is at least 
partly advanced into a stehotib material, a high 

30 frequency voltage can be applied between the guidewire 

electrode and the catheter tip electrode in order to 
generate heat within the stenotic material lying between 
said electrodes . As the stenotic material is heated, it 
is softened, thereby allowing easier advancement of the 

35 angioplasty cathfeter. 

Alliough a substantial imfttrovement in the art, 
the catheter described in U.S. Patent Ho. 4,998,933 can 
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cause ^inv^hted shorting of electrical energy by the blood 
• and blood vessel wall during the application of the high 

trs?^ ' frequency voltage. The catheter employs a single 

discrete electrode at its distal tip. So long as the tip 
5 electrode fully contacts the stenotic l^ate^ial, the 

induced heat Vill be substantially limited to the 
stenotic material. If a portion (or all) of the 
electrode is exposed to the blood vessel wall and/or 
r bloody however, ciirrent- will begin: to flow through the 

10 blood Vessel tissue and/or blood, causing the undesired 

shorting^b^:' electricai.^c^^ Moreover, since both the 

blood vessel wall and the b^lood have higher electrical 
cohductivities than the stenotic: material, they will 
Ccirry the current in^ preference- to- the stenotic material - 
15 : Fbr . thesis reasons., it would be ; desirable to 

r . provide : improved apparatust:.and^ methods- f or advancing 

- vascui;to .^cai^feters^ past sever e^ in blopd 

vessels^^aEnd^dtlier^^ In particular, it would 

20 descriJ^^ iav If^^S. 4,998,933, \mere the 

Gdtheter JSbre selectively heats the atheromatous 
material V It would be further desirable if such 
catheters were able" to discriminate between the 
athbroMatous mass euid the blood vessel wall 
25 (preferentially heating and ablating the former) so: that 

the cathetier Would selectively pass tlirough the atheroma 
as the catheter is advanced through the lumen of the 
blood Vessel. The catheters and methods of the present 
invention should be compatible with a wide variety of 
- 30 interventional and diagnostic devices, particularly being 

compatible with angioplasty catheters. 
iiT- 2. Description of the BaOcg round Art 

V.S. Patent Wo. 4,998,933, is described above. 
^ European latent Publication 182 689 and U.S. Patent No. 

35 4 > 754, 752 describe angioplasty balloon catheters having 

means for internally heating the balloons. A ••hot tip** 
catheter having a metal tip heated by a laser is 
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described in Ctdabferlant et al. (1986) Lancet i: 1457- 
1459. U.S. Patent NO. 4,654,024, describes . a catheter 
Haviing an electrically heated tip for nelting atherojoa, 
U.S. Patent No. 4,796,622, describes a catheter having a 
5- tip Which is heated by an exothennic reaction. A 

catheter having a high speed rotating abrasive element at 
its distal tip is described in U.S. Patent Mo. 4,857,046. 
U.S. Patent Ho. 4,709,698, desearibes the placement of 
: electrode pairs on the stjr€ace of a dilatation balloon to 
10 - heat atheroma as the balloon is e3q)aiided. 

The present invention provides apparatus and 
methods for localized heating of target locations within 
a patient's body, such as atheromatous sass in blood 

15 vessels, tissue, and the liJce. oaie method and apparatus 

are particularly useful for advwcing a catheter through 
an occluded region in a blood vessel or other bo<^ lumen, 
: mor« particularly through stenotic regions in blood 

. vessels %rtiich are fully or ajmost fw^ly occluded %lth 

20 stenotic material, catheter apparatwaccording to the 

present invention include a. catheter body having a 
proximal end, a distal end, and an ele.ct?rode array 
disposed near the distal end. The elej^^de. array 
includes a plurality of isolated eleeterode: terminals 

25 typically forming the distal tip of -tlTe catheter. A 

common electrode is provided and contacted with the 
patient's body to complete an electrically conductive 
path with the electrode array. The common electrode may 
be disposed on the catheter body proximally of the 

30 electrode array, or may be disposal distally of the 

electrode array, typically on or as part of a movable 
guidewir^e. As a third alternative, -the common electrode 
may be provided as a discrete member which can be 
attached externally to the patient's skin. In each case, 

35 beating of the stenotic or other o«icluding material or 

high resistance tissue can be achieved by .contacting the 
electrode array with the target location, e.g* , a leading 



wo 93/13816 



PCr/yS91/ll265 



.portion of the stenotic material. By then applying high 
frequency voltage between the electi^ode array and the 
consion electrode, heating of the tsurgct location will 
resiilt. 

5 According to a particular aspc^ct of the present 

.invention, heating is directed priiaa^ily to the target 
location by limiting the current flow through each 
electrode terminal in the electrode apcay. In this way, 
Bore. power is applied to the .hijgfh resistsuice (low 

10 conductivity) tiss?ue or stenotio natei^ial relative to the 

low resistance (high conductivity) blood and blood vessel 
wall* Current flow jnay be limited by actiye or passive 
devices, with an exemplary system anploying; a plurality 
of current limiting^. r:es.istox^ current 

15 limiting resistor in seiries^ with eaph. electrode terminal. 

The catheter of the present invention, may be 
usecU alone ^ in. ord^ location e.g. , to ^ 

. rec2U>alize. a-i^stenq^^^ blood vessel. 

Optionally^>. thew<cathe^er^ may^- be^ -^^ 

20 other- interventional or diagnpstiG.-de;yices,;in order^.to . 

provide a multiple step treatment and/pr diagnostic 
procedure. In particular, it will be possible to provide 
the electrode - array of the present invetntion in 
combination with or at the distal end of catheters which 

25 eoploy other interventional ax>d/or diag^o^tic elements, 

such as dilatation. l;^llpons, lasers, ultrasonic 
transducers, and.the liXe. By employing qatheters having 
such additionala capabilities , the need to exchange 
catheters is reduced or eliminated. 

30 A particular advantage of catheters constructed 

in accordance with the principles of the present 
invention is that they pan be "self -^idijig'^ when 
introduced through a blood vesspl. Since the elecrirode 
array heats atheromatous material in preference to the 

35 blood vessel wall, the catheter can be .advanced without 

substantial concern over damage to the blood vessel wall. 
That is the path of the catheter will be preferentially 
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through the atheroina; necessarily limiting ^aiDagc to the 
blood vessel wall. 

Tlie catheter of the presearit invention vill 
preferably include a temperature measuring or sensing 
5 element near its distal tip, preferably within the 

electrode array, in order to measure the temperature at 
the interface between the electrode array and the tissue 
or stenotic material being tareated% More prefejrably, a 
plurality of tJ&perature measuring elements will be 

10 distributed through the electrode array in order to 

■ ^ determine the teiq>erature prof ile of the interface. 
TeAperatnre information obtained from the temperature 
meastiring eleiDfehts can l>e iised to control the power 
output to th^ electrodes in order to control the 

is t^perature of the ist^otic mater^i^^^ desired 

rangre. ' ^ 

TtHTg y dmcrxpt^on: of t he paAWiHoa _ 
Pig. 1 is a perspective view of a cathet^ 
system c6rts^rtt6te^ accbrtonce with the principles of 
20 the present ihVerCtion, where the catheter includes a 

dilatation ballbton. 

Fig. 2 is an enlairged view of the distal end of 

the catheter of Fig. 1, shown in -section ♦ 

Fig* a is an end view of the distal tip of the 
25 catheter of Fi^. 1 and 2. 

FigSi 4-^8 illustrate the use of the catheter of 
Figs. 1t3 in the recanalization of a stenbsed region 
lAthin a blood vessel according to the method of the 
present inverition. 
30 Fig. 9 is a schematic illustration of a current 

limitihg power Supply useful as part of the catheter 
kystem of the present invention. 

Figi 10 is a second embodiment of a catheter 
syst^ constructed in accordance with the principles of 
35 the present invention. 

Fig. 1-1 illustrates use of the catheter of 
Fig. 10 in the recanalization of a stenosed re^on within 
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a blood vessel according t^o the method of the present 
invention. 

Fig,. 12 illustrates a third embpdiiaent of a 
. . catheter constructed in s^ccordance with the. principles of 
the present invention in combinatipn with an anchoring 
, catheter sheath. 

Fig. 13 illustrates the use of the catheter and 
catl^eter sheath of Fig. 12 in the recanali^^jation of a 
s;tenosed region within a blood vessel accor^ding to the 
^ method of; the^. present invention. . 

DE8CRIPTIOH OF THB : PRgPERRgD EMBOMMgHy 
: : This invention provides a nethod and apparatus 
for; selectively heating, a taxrget loqation witliin a 
, patient's. body ^ such as solid tissue, a body lumen, or 
:the.-liXe> peurticulaxly ijicluding athe^ 

which partially or ftU.ly occludes a blood vessel or other 
body liimen. In. addition to . bloGd^ yessels>= bpdy^ lumens 
^di^ch loay be treated by the and apparatus of the 

present inyentioiiv includ<%\ the: urinary, txtajqt (which for 
.^Bxai^le. u an enlarge prpstqraite in 

, jsales) the fallopian: (which may be pq^s^lu^ and 

CTUse infertility.) ,-^.and- ^^t^ For cQnven^ience> the 

.reuinijig disclosure will be . directed^ specif ic^lly at the 
treatment o^^ blood vessels but it will be appreciated 
..that the apparatus and n^ethods can be applied, equally .: 
. well to other body lumens :and passagesf. > 

The stenotic, material in bloodb yesstels will be 
atheroma or atheromatous,: plaque, and may be relatively 
soft (fresh) or may be in advance stages of 
atherosclerosis and haxdened. Th^ present invention usfes 
juv, electrode ar^ plurality of independently 

controlled electrodes distributed oyer the distal portion 
of a catheter to apply hetat selectively to the stenotic 
material while limiting the unwanted; heating of the blood 
.and/ or surrounding yessel wall. Sinpe the. atheromatous 
mass in the occluded, blood vessel is preferentially 
. heated and softened relative to the vessel wall, the path 
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Of the advancing catheter tip will naturailly confined 
in the lumen, away from the blood vessiel wail. The 
electrdde array will usually include at least two 
elecfeode terTuinaXs, liore usually at least 20 electrode 
5 ^ terminals, and preferably at least 36 eltectrode 

terminals, or more. As a result, the stehbtic material 
is selectively Softened, or weakened; permitting 
advancement of the catiieter to recaxmlize the blood 
: vessel lumen. Accoi^ingly, this invention i>rbvides a 
10 method and apparatus for effectively penetrating a 

p^ctial% ibr tot^^ 

siaultiii^busly applying both (1) he^t to the stenotic 
material Surrounding the tip of the catheter and (2) 
pressure against the heated stenotic- Bateriai using the 

15 bathetet^ itself . ©ptionaliy / siibsequerit recahalizationf^ 

procedures' may be p^f brmed using either the same or a 
different catheter. 

The present Invention includes a means fbir^ 
gtiiding the^ cithet^r along a pathway approxiSaating €he 

20 c^tra^i regibn of the occitidfea blood ve^el i iThe guiding 

merits is usually 2m electr^itrally condticting* wit^e that 
contains or serves as a ccmmon elecrtrbde for the heating 

^ MBZ^. the Riding means is extensible from the tip of 

- > the c^ ahd Is located wil^itl and <:ohcientric to the 

25 cath^t^- conveniently t^ing in th^ form of a ioovable or 

fixed guidwire, timially being a movable guidewire. The 
electirbde ^^xay is diispbsed proximally to the common 
electrode and positioned on or hear the tip bf the 
catheter. ' 

^0 Each individual electrode in this array is 

- electrically insulated froia all other electrodes in the 
; - array and is cbiuiected to its own power source or 

cOYtheetioh which limits or interrupts current flow to the 
elec^ode When low resistivity material (e.g. blood) 
35 causes ^ lower resistance path between the common 

electrode and the individual electrode. Mie tip of the 
catheter is thus composed of many independent electrode 
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:^ , tei^in.al3 designed to deliver electrical energy in the 
.vicinity of the tip. The selective heating of the 
. stenotic material is achieved by connecting each 
indiyidual electrode terminal and the common j^lectrode 
5 . . Xe»g». on a guidevire) to an independent power source, . 
. .which may . be a siibstantially constant current .piower 
spuz:pe. TJfiB application of high frequency voltage 
. l^tween the common electrode and the ^lectrc^e array 
resullis in the conduction of li^gh f rei^ency x;tunrent from 
IQ eaciL individual electrode , t^ to the said common 

^ electrode* The current flow from each individual. 
; r^lectrpde terminal to the ccmmon electrode, is conl:rolled 
.1^. either, active or passive means, or a combination 
-thereof, to selectively heat the steno-tic material while 
15. minimizing the undesirable heat^ing of the blppd or the ; 

■ ..-vessel;. -wall.. ^ 
V . : , ; 5^ This . invention .takes. .advantage.-.of , .the 

d^f fjMcences^ -.in^^ between, the 

3t.caiQjti^^ bloody , aiid blood 

^f^ : vV^^^^^^^iM-r V^Y of example « : for any-^ ^elejrted lev€^^ 

o^ applied voltage, if the electrical conduction path 
, : between the common .electrode (e*g* guidewire) ^and one of 
. the indiyidual ele^ terminals within the electrode 

, array is Jblood or blood vessel wall (-each hayiiig a 
25 rela^ Iw electrical resisftiyi^ current . - 

control means coxuiected to inc^iyidual electjrp^e will 
lij?^t^ the heating of intervening 

blppd or blood vessel wall is minimized. In contrast, if 
Jthe electrical conduction path between the common 
30 ^Iftctrpde and one of the individual electrode terminals . 

witliin the electrode eunray is atheromatous mass (having a 
relatively higher electrical resistivity) , said current 
.control means connected to said indiyidual electrode will 
allow (Current flow sufficient for the heating and 
35. subsequent thermal softening or weakening of the 

. intermediate atheromatous mass. 
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The application of a high frequency voltage 
betvieen the comifioh electrode and the electrode array for 
appropriate intervals of time stibstantially weakens the 
" selectively heated atheromatous mass, allowing the 
5 catheter td penetrate and pa^^ through the obstruction, 

thiis recanalizing the blood vesisel- Once thei partially 
or fully oTOludcd blood vessel has been opened to allow 
passage of the catheter, the catheter can be advanced to 
position a dilatation balloon (or other intervientional or 

10 ciiaghostic eidttWit) within t^e occ^^ The 

dilatation balloon can then be used for angioplasty 
treatment ih a substantially conventional manner. 

Direct (iJouliah) heating of the stenotic 
material, by conduction of high frequency current softens 

15 the material ov^ a distributetd region- The volume of > 

this distributed region is precisely cdntirolled by the - 
geometrical separation between the common electrode (e.ig. 
the graidewire) and the electrode array. The rate of " 
heating of thfe^ stenotic material is cbntrblled by thfe 

20 api>iifed Voltage l^vel. The use of high f x'equehcy cort-c^t 

for iFbuiian hating also minimizes indticed stimulation of 
i&uscle tis^^e or nerve tissue in the vicinity of the mass 
being heated/ In addition ^ high frequencies iainimize the 
risk: of Interfacing w^^ the natural pacing of the heart 

25 ^ in cxrcumstaiices- where the catheter of the present 

invention Is used in the coToharY arteries. 

The powet applied to the common electrode and 
the electxfode array will be at high frequency; typically 
between abbtlt 50 kHz and 2 MHz, usually being between 

30 about 100 kHz and 1 MHz, and preferably being between 

about 200 kHz and 400 kHz. The voltage applied will 
usiially be in the range ttdm about two volts to 100 
volts, preferably being in the range from about five 
voits to 90 volts, and more preferably being in the r^nge 

35 from about seven volts to 70 volts - Usually , the voltage 

applied will be adjustable, frequently in response to a 
temoerature controller which maintains a desired 
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temperature at the interface between the electrode array 
and the stenotic material. The desired tempeifature at 
the iritii^rf ace between trie /^lectrodie array and the 
stenotic material Will \iSualiy biS in the rari^ about 
5 38"C to lob'C/ more usually froii about 38»C to 80'C, and 

preferably from about 40^ c to 70»C. 

A particular advantage of the present invention 
is that the heating means cah be cbnf igtt^etd to a wide 
raiige of catheter sizes approp^ particular 

10 size of tihfe dccliided blood Vessel br other body lunen or 

cavity being recanaliz^d, typically ih the range of 
aiamet^s from 0.04 to 0.4 iiicfife^- The present invention 
can also incorporate a ^iiiiwire which can fxmction as 
bbth^ iearis f controlling ahd'^^iding the path of the 

15 cathetief in the convehtibnal iitiatiiiBr, aff veil as to 

cohceht^ate the theinhal poVi^^ directly 
into th4 steribtic Material by serving as the common 
4iebt±6de.: ' ■• 

Th^; t)rjB^erxec^^^ sburce of the present 

20 Inventibn^ciirf deli^ a Mgh^iire^^ Vdlfeige seiectal>le 

to generate power levels ranging: fJrom several milliwatts-^ 
to 50 watts, depending on siie bf the stenotic 
material )i>eihg heited, the size of the bloiid vessel being 
recanaiized/ and the rate of advancement bf the heating 

25 means through ^he St source 

allows the'u^^i' to select the vbltage level according to 
the spebinc requirements of a particular angioplasty or 

other procedure. 

The power sourcet wilr be ciirretit liAited or 

30 otherwise cdnti^blled so that iihdesired heating of blood, 

blood' vessel wall, and bthei^ low electrical resistance 
materials does not occur . In the eatbmplary ejnbodiment 
dekcifibed bfelbtf; cto limiting resistors are placed in 
^ Series with ekch independent electr where the 

35 resistor is • sized • to ptrbvide an at least equal, and 

preferably ^eatet; resistance than ^ould normally be 
provided by the stenotic material, thus, the electrode 
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9ees. a substantially constant current source so that 
_ power dissipation through a low resistance path, e.g. 
blood, will be substantially diJniiash^^ 

AS an alternative to the current limiting 
5 resistors, a controlled, powei: supply ray be provided 

which interrupts the current flow to an individual 
ele«j^ode in the array when the resistance between that 
electrode aiad tfee comnon electrode falls below a 
threshold level. The control . coiad be inplfnented by 

10 placing a switch in series with each electrode, where the 

switu* is, turned; o^ off based on the sexjsed current 
flow through th^ electrode, i.e. when the current flow 
^eds a preselected limit, the switch would be turned 
Off. The current limit could be selectable, by the user 

15 and preferably yould be preset at the time of manufacture 

of 'the powei: source: current flow cqul4 be periodically 
sensed and reestablished when the stenotic material 
resistance is again pjresent. Particular control sysH:em 
designs £o< i^4»l?H«nting this strata are well witKtn 

20 the ^JciU, in tjke art. ^ 

In an . Mccmplary embodiment as shown, in 

Figure 1, a catlieter ip includes a ?ruidewire 16 which 
functions both as a means for guiding the catheter into 

thB int^ed poskion^ 
25 me entire gvd-dewiie »ay be^ an electarode,5 or it may 

ccmtain an electrode., R^e^ing to Figures 1 and 2, the 
catheter 10 also includes' aii array of electrode 
terminals 18 disposed on the distal tip 12 of the 
catheter 10. T|i# elecrta^e terminals 18 a^^ 
isolated from each other and from the coB«on, electrode 
16. Pr«cisally from the t^i^^ 12, the catheter 10 includes 
* a conventional dHatation (angioplasty) balfoon 20 

generally concentric with tt»e shfft of the catbatcr 10. 
Still referring to Figures 1 and 2, each of the terminals 
18 is connected to the ijjipedaiwe matchiJigr. network 22 by 
means of the individually insulated cowSuctoip 52. The 
proximal portion of the catheter 10 is also equipped with 
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. the. fluid port 24 counrunicating with balloon 20. The 
guidewire is. aaeially novable in. an electrically 
insulating guidewire lumen tube 46, said lumen tube 46 
being contained, in, and concentric to, the catheter 10. 
5 The proximal , end 42 of the guidewire i^ sealed against 

fluid leaks by a fluid seal 28, The proximal portion of 
the patheter 10 also has a connector 26 f qr providing the 
, electrical connection to the na 

A power source 32 provides a high; frequency 
10 voltage to the eleptrpde ter5Biii»ais 18 1^.^ means of a cable 

; 38. coiwectable to the coiinec^pj^^ Th.e j>oyer source 32 

hasi a controller . 34 .to. 9hange. the applied voltage level 
as well as a selector 36 for sele.rtion of the highest 
teiq>eratiire at the tip 12 of . the cath^tf;r 10 inuring its 
15 use, as, explained later. F;in2^11y., the jprosdAal portion 

: r of the guidewire electxodjB 42 ,is coiipect^^ power 
source, 32. by a detaphaible; cgiwectqi:' 30 and^ 4a. 

T n?^-lnr^«^r««bodij^ in Figures 1, 2, and 3, 

tenqmraturiB^fltenOT distal tip 12 . 

20 . of the. <?athet.er .^10, typic^^^ 

chrcMtel autid aluwel) -. said;te3nperature sc?»sors 48 and 
;cpnneGtel-,to.the\ pw thermocouple wires 50 

\ extending the lesngl^ of the. cathetc^ lo and ^y .the cable 
38 connected through the connector 26'. The temperature 
25 . sensors 48 at 1^<e( =tig, 12 of the Catheter 10 are connepted 
to a fe^ibaOc control system in power source 32 to adjust 
the. power output 80 that: the us^^^ 
is not exceeded during the use of . the catheter in 
recanalization of ap occluded blood yesfsel. Power output 
30 . . could be .controlled by any cony^tipnal technique, such 
as control of voltage, current, dyty cycle, or the like. 
The selectable temperature is selected by the user by 
Adjusting selector 36 provided in the power source 32. 

Ref erring.,to Figure 2, lAe dULstol 1^^ 12 of the 
35 catheter 10 of the pa:ef(?rrpd ei?bc^^ the 

eicposed teriiujials of the electrode terminals 18 and the 
: taaperature sensors 48. The terminals 18 and temperature 
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sensors 48 are secrbred in a iiatrix of stlitslble insulating 
iaaterial \b. g . epoxy) 54 and f orned in a generally 
tai>ered or hemispB^icar shape, preferably being a 
conical or "nose cbhe" configuration- Ptoxia^l to the 
5 tapered tip 12, thi tenperature sensor wires 50 and 

electrode wites 52 are contained in a jacket 44 of 
cylindrical shape covering the length of the catheter 10, 
iSSf &sd viWw of the catheter lO at the tip 12 is 
illus^ated in Figure 3. Referring to Figures 2 and 3, 

iO electr<^fe teriaihal^ 18 ate electrically insuisted from 

each otiier arid from tii«>erature sensors 48> anid are 
secured tbgetli^ fri a iniiSdie by the electrically 
initiating liati^ial 54 . ProxiBal to the tip 12, the 
thermocitiiiple wir 50 and elettrode wires 52 -a^ 

15 ebhtalried in a sititaUale jatJJcet 44 of cylindrical shape.; 

covering ti^ length 6i the cathetetp The central 

portion of the cathfeter 10 contains the electtically 
insulatirig guidewire luien tube 46 Which provides a&lumen 
f ot the ^dewire 16. The distal lerid of the said ttibe 46 

20 c^tionjiliy eac€^hds beyond the tip 12 -to' provide a tip 

offse€ 14. Itie interided purpd^e of said tip oif f set 14 is 
to provide a Binifflta separation between the Osaid c 
elertrode oh guidewire 16 arid array of electrodes 18, 
usually being at l^i^t d.oi inches, labte usually being at 

25 least 0.15 inches, arid sometimes being 0^25 inches or 

greater- 

Figure 4 illustrates how the catheter 10 can be 
applied to recanalizd a blood vessel 56 occluded with an 
athefdmatous piaqu^ 58. In this case> the guidewire 16 

30 is f irst advanced -to the site of the atheronatous plaque 

SB, and the bathetfer 10 is then moved over the guidewire 
16 to contact a leading edge of the prlaque. Hext, the 
guidewire 16 is advariced through the pliique 58 under 
fluoroscopic guidahcie, exposing a length 60 of the 

35 guidewire ^rtiicto is electrically conducting; 

Refeirring neact to Figure 5, the distal tip 12 
of the catheter 10 bomprising the array of electrode 
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terminals 18 is urged against the atheromatous plaque 58. 
A high freqyency voltage is applied between the common 
eleqtrode pn guidewire 16 and each of the electrode 
terminals 18. The resulting electrical current flows 
bet^yeen the said, common electrode .16 and .the electrode 
terminals 18 through the atheromatous plaque 58, as 
illustrated rby current flux lines 62. Due to the 
electrical resistance of .the; atherps^ 58 /-the 

localized cuirrent flow heats the .plaque 58 in a zone 64. 
^ Tlie localized heating is adj lasted by varying: the level 
and,s4ura%)^pn.-of thje high freq[uency. . voltage «^ . 

The. tip offset 14 maintains a minimBlm distance 
between the. electrode 18 and ,the cpmmon electrode 
. (guidewire) .16 , Th^ zone of -heating 64 within the plaque 
-58 is defined, by the boimdary of/ the ;currrat. f lu^ 
. - : 62. The atheztomatpus plaque material softens in the 
heate# zpne';.6*r^^Whic^^^^ 

adyaos^ent;, pf; the- cathetej^M^^^ heated 
zone or Sa^^ 12 effects . I^e 

vr displacement : of the plaque. -naterjlal, thereb^r:recanall:r4rX^ 
Ccreating an ppening through) the previously/ occluded 
..^v : blood vessel 56> . 7he: catheter ip is advanced' through the 
softened plaque \intil a channel is created in t;he 
. pcc;lttding, ma.ss^.. The ca^fehater , 1^^^ is. withdrawn, leaving a 
vessel re^?anali;zed allowing an. improved- flow of blood, 
• ' . therethrpugh. ; . ;r,-..:- 

. After rt^e .catheter. 10: has been advanced through 
; • >the heated plaque, i{^necess^ry> the balloon; 20 can be 
: ixiflated with V appropriate fluid to appropriate pressures 
to effect conventional angipplasty. 

Theire are ' situations where a guidewire cemnot 
; Jt>e , qx>xi^letely adva stenosed region 58, as 

illustrated .in Figure. 6« : In such cases^ the . common 
; electrode (guidewdLre) 16 is partially pepel^ated into the 
. atheromatous plaque 58 * /.to the extent possible. The . 
array of electrodes, 18 is contacted against the wall of 
plaque 58*, and the tip offset 14 creates a minimum 
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spacing between the cbminon electrode 16 and the electrode 
array so that some heating of plaque will occur. The 
, catheter 10 and the common ieiectrode 16 can then be 
alternately advanced until a channel is created through 
5 the entire region of plaque 58 » . Once againt^ 

conventional balloon angioplasty can be performed once 
the balloon 20, in its deflated position, has been 
advanced- across the-plaquet 58 • - 

A central aspect of the present invention is 

10 the ability of the catheter 10 to deliver electrical 

energy effectively only to the intended areas, i.e. the 
atheiromatous iaaterial, aiid not to the blood or the blood 
vessel. Such directed eneirgy tremsfer results in 
selective heating of the atheromatous material which 

15 allows the catheter to be ••self'-gUiding'* as described 

above. When the tip 12 of the catheter 10 is pressed 
against a regidh of stenotio material, some of the 
electrode terminals 18 will be in contact with atl^^oma, 
while other electrode termiJmls may be in drontact ,>rith 

20 blbod> and ye^ others may be in corttacit with the blood, 

vessel wall. These situations are illustrated in Figures 
7 ^d 8 . Each of the electrode termiiials 18 experiences 
An electrical iaapedance which is characteristic of the 
mates^xal ^ich is dxspdsed between the individual 

25 electrode teroiihal tod the cootmoit electrode i 13ie present 

invention takes advantage of the fact that the electrical 
resistivity of typical atheroma is higher than that of 
blobd or blood vessel wall. Thns^ if the current passing 
thrbu^ each of the electrode teruiinals 18 is limited to 

30 a substantially constant valUe, the regions of higher 

electrical resistivity will generate more Joulian heating 
(pcyW^ « I^R> ^ere I is' the cuarrent through resistance 
R) than a region of lower electrical resistivity, 
mjerefore, the atheromatous plaque of the stenotic region 

35 will be selectively heated up \rtiile the blood and blood 

vessel wall will eaqperiience a m i niT toi l rise in 
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tetti(>^atiire. Thus, the catheter will selectively advance 
through the atheroma which has been heated and softened. 

i-. The heating selectivity Qf the present 

iAVifehtion is accomplished by selecting the electrical 
5 resistance of the various components which' coB^rise thie 

pathway of the electrical current :62 between ^the common 
electrode (guidewire) 16 and each of the electrode 
teriaihals 18 in the electrode array located ~at the tip 12 
of the cathetier 10^. By way of example, the electrical 

ro reisi^tivity of blood at body temperature is in the range 

fxrdm 148 to 176 Ohm-cm at a frequency up to 120 kHz 
(Geddes et alv (1967) Ked, Biol . Eng. 5:271-293) • The 
electrical resistivity of human cardiac and skeletal 
muscle (which approximates^ the, structure . of:-' the-:blood:- - 

15 vessel wall) is in the^ ran^je of ioa to 456 Ohm-cm at 

frequencies in the range 100 to.:tOOO kHz;.,^ al. 
(1967)', supray* 

cbnti^ast:^: atlfBr6ma1:pus mass generally 
res^oibles. f at-lik^^ejkjfitltss^ahd^^^c^ • 

20 lipids, and lipidophages. Basteai on its^^^ p^ fat-r 

like ' coB^sition/ the atheromat<ms mass has a relatively 
high electrical resistivity as compared with blood • The 
electrical resistivity of fat-^like substances in human 
hAs^ been reported in the r?ange of 1,000 to 3>P00 ohm-cm 

is a1^ f jt^dj^piencies rajriging from 100 to 1 , boo kHz (Geddes et 

' ' ■ al.>' (1967) / siipra) i This inveht;ion utilizes the 

^&iheareht two to ten fold difference in electrical 
tresistivities to selectively heat the atheromatous plaque 
in a blood vessel. 

3PD > Bach of the electrode terminals 18 is connected 

to an individual source of current by means of wires 52. 
A current limiting network providing the controlled or 
constant current, as described above,, is contuiined in a 
junction box 22* The network can be composed of either 

35 active or passive electronic coiiponcnts to perform its 

intended function. By way of exiamplef and not intending 
to limit the scope and spirit of this invention, a 
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lie^oirJc composed of passive circuit ele»ent:s, i<.e. 
resistors, is illustrated in Fig- 9. Referring to 
Figs. X, Zr and ; si r a : constant current network 22 consists 
of a multiplicity of resistors 72 whidi are same in 
5 number as the electrode terminals 18 - Bach resistor is 

connected between a power source 32 (by the connector 26 
and cable 38) and thd corresponding electrode terminal IS 
(by wire. 52) i ^e current will be: maln'^ined 
ssubstantially constant so long as each resistor impedance 
10 is sufflciei^ly higher than the load impct^ance. Suitable 

resistor values will be in the range from Spa n to 
50,000 n, usually being in the range from 1,000 0 to 
25,000 preferably being in the range from 3,000 n to 
15,000 n^: 

15 - still referring to Pigs. 1 wd 9, each 

electrode terminal 18 is connected to a load represented 
by the atheroma, blood, or blood vessel wall., More 
specifically, the load iB^>edanc:e 74 of the atheroma^^is 
V designated 'by A, Viirhe load i3^>edance IS pf blood is - 

20 . ^d^iOted by B, and load impedance 78 of ves^l wall is . 

> ' denoted by respectively • As the current passes through 
th^a coB^ozmnts, it is received by tbe common electrode 
(guidewire) 16 >rtiich is in tanrn cqimected to the power 
source 32 by connecj2or 30 aiui cable 40. The level of the 

25 current flowing in the cl^caaits is controlled by tbe . 

voltage, applied between the proximal end of the resistor 
networX 22 2md the common electrode (guidewijre> 16. 

The esqpected power delivered to each of the 
loads (i.e. atheroma, blood, and vessel wall tissue) can 

30 be calculated based on exemplary values for the different 

parameters as- enumerated below: 

Catheter diameter (5 French), p 1.66 mm 

Humber of Electrodes Terminals 18, n 60 
35 Sire of the electrode 18 tip, d 0.004* dia. 

Hesistance of the networ)c resistor 72, R 10,000 ohms 
Impedance 74 of atheroma> A 3,000 Ohms 
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Impedance 76 of; blood, B 200 Ohms 

Impedance 78 of vessel wall, W 500 Ohms 

AppJi«<i-voltagc from source 32 W: - 40 Volts, RMS 

5. calculated power, dissipation per electrode in: 

Atheroma 2? milliwatts 

Mood 3 milliwatts 

Vessel Wall 7 milliwatts 

10 : ; Calculating power (I^R) from the above, the, 

V power dissipation in the athcfrpyatous plaque^ is 
V ai^oximately .ten times that in blood and four times that 
» in bipod vessel wall r aspect iyely- Taking into account 
,<^.. the^heat capaciti 
15 temperature in the atheromatous; plaijue will, be 

considerably greater than in the blood or blood vessel 

, -wall-.-- ... - 

; u i::^ - The desired tempe^ture rise of th«?f 
atheE!Ba»tonSv,plaque*: tp.^^ 
20 of the oriier of vlp* to 60;* . Bfa^eA^^^^ tlie^ aboye ^ * 

calculation^ a 10» to ep^C increase in the teaaperature of 
the >atherpmatpus plague using the apparatus and method of 
the present: invention will; ri^ult in_a corre^poiwiing rise 
oft blood t,CTperature in ^^^^1^^ range of 1»C to 6»C caused by 
25 . the:^ current f lowing dix^ 

. pnce a sufficient temperature rise i^ 

accon^lished in the athero^tous plaque 

strength of the said mss is subst^ reduced in the 

localized regipn surrounding the tip 12 pf the catheter 

30 xo This allows the patheter 10 tp be advanced 

in€xementally through the plague by applying a 
longitudinal force on thj? portions,^ 10 
external to the patient. «iis f prce is transmitted along 
the length of the catheter 10 tp the tip region 12 to 

35 create a rborijrtg pressurer suffici^ to penetrate the 

plaque 58. As the blcK>d vessel wall is not equivalent ly 
heated or softened/ the catheter will preferentially 
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advance through the plaque 58 following a path of its own 
creation. 

The method of conlbfolling- the heating J^y the 
thermally assisted angioplasty catheter of this invention 
5 can aldo be accbmpti^hed by teapi^atur e f e^dback control 

mechanism. The temperature of the atheroma in contact 
•with the tip 12 is sensed by teiiqperature sensing elements 
such as meauis of thermocouple pairs {Figi 3) 48. A 
feedback control loop contained in the power source 32 

Id allows the adjustment <5f the hecessary voltage applied so 

that the re<julired tMpariture rise in the atheroma is 
accoB^lish^d . Conveisely , ^ by cbntinuousiy mpnitoring the 
temperatfiire of the atheroma being heated/ the appropriate 
Voltage level is continuously' maintained such that the 

15 u&er-s4lected teinperature is never eatceeded* 

Whil^ the above descripftion prbvides a full and 
complete disclosure of a preferred embodiment of the^ 
inveJitibh/ varioius modifications, aLltemative 
ciiraliixctiOTisr Mpiivalents iay be employed. Far 

20 BX^kplB, the i^jttter courld^ be cbmaunicated to the * 

electrodes by Wij? es imbedded iii the catheteSr wall - Also , 
the teinp^atuire sensing may be achieved using fiber 
opticis with infrared ^^ising technique^ a thesrmocouple, a 
th^rkii^tor or btfier temperarure s^tiiSing means. 

25 Alternatively, by prope^^ of metals "used for 

(1) Bttiltii^li^ity of elCiCt^ suid leads (e.g. 
Constantaii) ahd^^ ( (e.g. steel), each 

iiidividual electrode cah^ function as a thermocouple in 
<?6n3unction with the singular guidewire, «ie measurement 

30 bf the direct current voltage between the guidewire and 

the multiplicity of electrodes indicates the maximum 
temperature which occurs at any location on the catheter 
ti^. This information C2in then be used in the feedback 
control Ibbp a^ described atoava to assure an improved 

35' safe tipper limit on the operating t:emperature duru 

tise of * th^ apparatus of the present invention . 
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A jnqre preferred embodiment: of the catheter of 
this invention is shown in Fig- 10. In this embodiment, 
the catheter 80 is substantially simiicir in construction 
to that Fig. 1,, except that a second electrode 82 is 
provided for on the body 84 of the catheter shaft instead 
, of the guideyire being the second electrpde.^ During use 
of the cajbl^et^er 80 in therapy, this second, electrode 82 
is ijatended to be in electrical contact yith the blood in 
the artery. The. location of the second electrode 82 is 
shown to be near the proximal, end pf ,the catheter 80, ^but 
- • could i^lsg be disposed, more, distally. 

Still referring to Fig. 10,. guidewixe 86 is 
connected to the cuyr^nt-limiting pircui;^. i^^ power 
source , 94 in a manner sijnilar to the eipc^ 
15 . . connectJ-qn of:,t^^^ During, iise of the 

. :r. ^ catheter.: 80 , tt^e guidewire .8 6. .becojnea , an additional 
elect35cxie;,vypEiw»g- i^ ^® other tip 

elecftrodei^. In this«:> embodiment, no of f set between the 
guideyixe 86> 2md 
20 , Referring now to Fig^ il, tie cr^theter 80 is 

. advzmced over JAe g^^ 8.6 to "the site qt a total 

, Qcclusiont 88 in the 89. ^Thc^ e^^eptirq^e array 90 

and the guidewire 8^^ are connected to the pqwer source 94 
{Fig.: 10) ,* smd the. second electp^ 82 is coiinected to an 
25 ,oppps4;te polax^i^^ the power soxirce. By 

applying power to t^he ele^ current flux 

•lines 92 are formed and distributed in the occiusion 88- 
= The highest current density, exists at the 

vicinity of the tip elfctrode array: 90^, thereby producing 
2»0 , : maximum heating pf the atheroma in contact , with the , 
catheter tip. A return path for the electrical current 
from the tip electrodes -90 to the second electrode 82 is 
def ined through the blood in the blood .vesscfl, the blood 
vessel wall, and/or the surrounding tissue. However, the 
35 current is most likely to flow through the blood and 

blood vessel walX as these components haiye much lower 
resistivity as compared to other body tissue. The second 
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electrode 82 is designed to be long with a large surface 
area to ensure low density of current flux liAes at saxd 

second electrode. 

AS the current passes through, the temperature 
5 o£ the occluding iateriai 88 is raised, thereby softening 

the bcclusion. The catheter 80 along thb guidewire 86 is 
advanced through this softened atheroma uJitil the vessel 
is recai^iized. A final recanalizatidh step can then be 
perfdraed by balloon dilatation or other coriently 
10 avaiiaible therapeutic! techniques . 

It is understood that the plaque in the total 
bdclusiohs can be den&e artd somewhat hard to push a 
catheter tiirougli even though it is heat^id- In order to 
facilitate the mechanical advancement of the catheter 
15 through the plaque, anbttier embodiment of the catheter 

system of the f>i-esent invention is iilustriated in Fig. 
12. llie cathetfer io of Fig. l or cathettet sa of Fig. 10 
is placed in a sheath catheter 96. The distal end; of the 
^eath catheter 96 ihcludes one or a pltiirality of 
20 ea^anding means 58, such as inflatable balloons, laie 

proxiiil end of the sheath cathetet 96 includes the 
ri^e^sar^ blood scaling means and bklloort expanding 
ports, -the 6haft of the sheath cath&tpr 96 includes the 
h^bessary luiiien(s) for expanding Said ballc(on(s) 98. 
25 ' The purpose of the sheath catheter 96 is to 

provide an anchor for the Min catheter It) or 80 while in 
U^e. specifically referring to Fig. 13, the catheter 
^tem (comprising of the sheath cathetfer 96 and the main 
catheter 10 or 80) is advanced to the site of the 
30 occlusion 102 (Fig- 11). The balloon(s) 98 are inflated 

and the sheath catheter 96 is thus anchored in position 
iji ih^ blood vessel proximate to the occlusion. The main 
catheter 10 or 80 is then advanced inside the sheath 
catheter 96 against the occlusion 102. The main catheter 
35 tip 90 is then energized, and further advanced through 

the soften^ athcroaia. The sheath catheter 96 with 
inflated ballobn(s) 98 thus serves as an anchoring means 
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assisting in the advancing of the main catheter 10 or 80 
through the occlusion 102* 

Although, the foregoing invent ipn has been 
.desc]pibe<) in d^etail for purposes of clzurity of . 
understanding, it will be obvious that certain 
BU>di£icatipns:.iaay Jtev practi the scope of the 

appended, .plains, , 
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^ vA ck^hetet systea comprising: 
a catheter body having a proximal end and a 

distal end; ^ ^- 4. i ^.^a 

an eiectarode array disposed near the dxstal end 

of the catheter body, said array including, a plurality of 
electrically isolated electrode terminals disposed over a 

contact surface; 

a coiBBon electrode; and 

means for applying a high frequency voltage 
between the electrode array and the common electrode. 
Wherein current flow to each electrode terminal xs 
i^iividually controlled in response to changes in 
i^edance between the electrode terminal and the common 
electrode. 

2 A catheter system as in claim 1, wherein 
the common electrode is disposed on the catheter faody^ 

20 proximally of^the electrode array. 

3 A catheter system as in claim 1, wherein 
the common electrode comprises a wire .extending distally 

from the catheter body. 

4. A catheter system as in claim 1, wherein 
the common electrode comprises means for external 
attachment to a patient's body. 

30 5. A catheter system as in claim 1, further 

comprising an interventional element disposed prox^lly 
of the electrode array oh the catheter body. 



15 
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6. A catheter system as in claim 5, wherein 
the interventional element comprises a dilatation 
balloon. 
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7. A catheter systeia as in claim 1, further 
ccquprising means for measuring temperature disposed near 
the distal end of the catheter bpdy . , 

5.. 8. A catheter system . as in . claim 7, wherein 

the means for measuring^, temperature comprises a plurality 
of temperature sensing elements disposed within the 
el^c^^rode array. 

10 9 . A catheter system as in claim' 1, whiereby 

th6 means: for applying, the hJi^sh frequency voltage 
comprises., means . for controllijigr the. vpltage. to on the 
temperature sensed by the temperature sensing means* 

15:*: :- iQ., A; catheter systei^^ a^^^^^ 1, further 

comprising means for individually limiting, current flow 
through each electrode terminal in order to control 

• /CUrregtirvXlW^.-./ ..v.- •>:.;:= -.V-vr.vV.SP: 

20 _ . liv . A rc^thetOT sy^temras? lO, wherein 

: the means for limitdng current flow ccn^x^ises a plurality 
of current limiting rpsist:prs locate^ W catheter 
body, with at least one resistor connected to each 
electjrode terminal. : 

.25.' 1 , . •: V .. i ■ . : • 7'. :;■ • ^ 

12v^ A .Qatheter;r system ^a^ . in claim 10 , wherein 
the means for limiting current flow comprises a plurality 
: pf tnxrrent ^limiting res^^ located within the voltage 

applying means, wit|i. at least one resistpr connected to 
30 each electrode terminal* 

13 w A catheter system^^^^a^ ip claim 1, wherein 
the contact: surf ace is a 'topered.s^urfac.e at the distal 
end of the catheter body. 



35 



■ 14. A catheter system as in claim 13, wherein 
the tapered surface is of nosecone configuration. 
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IS- A Catheter coBiprising: 

a catheter body having a proxiaal end, a distal 

end, and a guidewire Itmeh? 

an electrode array disposed near the distal end 
of the catheter body, said array including a plurality of 
isolated eleaarode terminals disposed over a contact 
surface; 

neans for connecting the isolated electrode, 
terminals to a high frequency power supply; and 

a plurality of current liadting resistors, with 
at least one r^isteS: connected lii series between each 
electrode terminal and the powet supply. 



16. A catheter as in claim 15, wherein the 
IS corf ent limiting resistors are disposed in the catheter 

body. ■ 

17. A catheter as in claim IS, wherein the 
current limiting resistors are disposed in the high 
fr^ency power st^ly *hd^ plurality of conductors are 
dis^« in tihe cathfeter bbdy for connecting the 
resistors to the power st^ply. 

18. A catheter as lit ttl^ furth^ 
comprising an interventional element disposed proxiifially 
of the el6c1i6de iarray on the ca«ieter body . 

19. A cktiieter as in claim 18> wherein the 
interventional element comprises a dilatation balloon. 

20. A catheter as in claim 18, further 
comprising means for measuirih^ temperature disposed near 
the distal 6nd of the cathetet body. 

21. A catheter as in claim 20, wherein the 
,«ans for measuring temperature comprises a plurality of 
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temperature sensing elements distributed within the 
electrode axxay . 

22. A catheter as . in claim 15, further 
r .,*^ :^ movable guidewire slidable disposed within 

the guidewire lumen, wherein said guidewire is 
electrically isolated from the electrode array and 
includes a common electrode and means for. connecting the 
common electrode to a high frequency power supply* 

: ^ cathel^er as in claim 15, further 

comprising a common electrode disposed on the catheter 
body proximally of the electrode array. 

. c^ lim4. ting resistors have a resistance in the range 

from 500 n to 50,000 n.^ 



10 



20 



25 



1 v-i^ 'ip^ A »the in claim 15, wherein the- 

eleqtrode array is cUsppsc^; c^er.^^^^a^ 
distal Mid of the catheter bcviy . 

26. A catheter as in claim 25,. therein the 
tapered surface is of nosecone configuration. 



. 27 . , A catheter, system comprising 

a catheter c^de l|aving[^ a prpximaX end, a 
distal end, a lumen therethrough, and a common electrode 
disposed on an ext^ipr distal surface; 

3^ a catheter body disposed within the lumen of - 

the catheter guide, said catheter body having a prostimal 
end, a ^iattal end, and an eleptrpd^ array disposed over a 
contact surf ape at the distal end, said electrode array 
including a plurality of electrically isolated electrode 

35 terminals; and 
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ieaiis for individtiaily cbiinecting the electrode 
terminals to a high frequency power Supply along isolated 
high impedance conductive paths; 

whereby the cdmBmn electrode and the electrode 
array may be connected to a high frequency power supply 
to efficiently deliver energy to a patient surface 
contaiited 1^ the electrode array aihd electrically exposed 
to the coBBttbn- eliectrode. 

28. A catheter system as in claim 27, wherein 
the catheter guide co*$*irises an inflatable balloon 
disposed hear its distal end. 

29. A catheter system as in claim 27, further 
comprising a guiifewire received ih a guidewire lumen in 
the catheter body, wherWih the guidfewite is electricaMy 
coupled to the electrode array. 

30. A cathettt System as in claim 27, wiferein 
the means f or conncctihg coanprises a plurality of current 
limiting resistors connected in pariallel between the 
individual electrode terminals and a common pole of the 
power supply. ^ 

25 31. A catheter systems as in-daim 30, wherein 

the cnrreht limiting resistors sire disposed in the distal 
end of the caliiieter body. 

32. A datheter system as in claim 28, wh 
30 the contact SUirtace is tapered. 

33. A catheter system as in clai^ 

tb^ tapered surface is of nbsecOnd donfigi&ation. 

35 34. A method for applying energy to a surface 

in a body lumen, said method (xmprising: 
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concerting the patient with a cosmon electrode; 

positioning the catheter within the body lumen 
so that an electrode array including a plurality of 
isolated electrode terminals contacts the surface; and 
5.., applying high frequency voltage between the 

comaion cflectrode and, the electrode array, wherein current 
flow /through each electrode termiiial is individually 
controlled; 

idiereiv the surf ace is heated by the flow of' 
10 . current tetween.:individual electrode ter;ninals idiich 

contact the . surf ai^e and the common electrode,. ^ 

35. A method as in claim 34, wherein the 
common electrode is( contacted as part of a guidewire. 

.36. A method, as iin. claijm. .37,,^ 
catheter is positioned -over the- guidewire • 

.37... wherein the 

2Q , . cqipppn elec^ode^^^^^^ 

38. A method as in cl?iim 34 ^ wherein the 
common electrode is disposed within the body lumen t-o 
form a conductive path through a fluid within the body 

25 lumen. 

39. A method as in claim 34, wherein the high 
frequency voltage is in the range from 50 XHr to 2 MHz 
and the voltage is in the range from two volts to 100 

30 volts. 



35 



40. A method as in claim 34, further 
comprising measuring temperature at an interface between 
the electrode array and the surface region. 
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4i: A i^tbod in claii 40, fxirtHer 
coi^rising cohtfolling the applied voltage based on the 
Beastiirj^ iuteirfiice tenperature. 

42. Ajaethod as iin claim 34, wherein the body 
i^iai cbiqirisfes a blood vessel and th4 Surf ace is an 
occluded region comprising stenotic Hsaterlal. 

4i. A m^tfiod as in daia 42, further 
comprikiii^ advanain^ the^catilieter tteough ^« bccluded 
region td' fori aii enlarged bjieriihg iJi the stenotic 
material. 

44. A method as in claim 43 ^ further 
coi.?,rising advancing an interventional element into the 
enlarged evening and treating the occlusion with the 
interveivtibnai element. 

45; A method as in claim 44, ^rtierein the s 
intfein^tibiM eleii^l: i& an e5tpi«aabi4 ballboh and 
treating comprises expanding the balloon within the 
enlarged openiiiig. 
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